A Gram-stain-negative, non-spore-forming, short rod-shaped, non-motile, light-pink bacterial strain, MIMtkLc17 
The genus Hymenobacter belongs in the family Cytophagaceae, order Sphingobacteriales, phylum Bacteroidetes, and has higher G+C contents (55-70 mol%) than the other genera of the same family. The genus Hymenobacter was first described in 1998 (Hirsch et al., 1998) , and at the time of writing, there are 33 species of the genus with validly published names (http://www.bacterio.net/ hymenobacter.html#r). Members of the genus Hymenobacter are pink or red, rod-shaped and Gram-negative. Their representatives inhabit various environments, such as soil, glacier, marine, freshwater and air (Han et al., 2014) . Soil is the habitat origin for 17 species of the genus, including Hymenobacter arizonensis (Reddy & Garcia-Pichel, 2013) , H. daecheongensis (Xu et al., 2009) , H. deserti (Zhang et al., 2009) , H. ginsengisoli (Hoang et al., 2013) , 'H. humi' (Srinivasan et al., 2015a) , H. kanuolensis (Su et al., 2014) , H. latericoloratus, H. luteus (Liu et al., 2015) , H. psychrophilus (Zhang et al., 2011) , H. qilianensis (Han et al., 2014) , H. roseus (Subhash et al., 2014) , H. roseosalivarius (Hirsch et al., 1998) , H. ruber (Jin et al., 2014) , H. soli (Kim et al., 2008) , 'H. swuensis' , 'H. terrae' (Srinivasan et al., 2015b) and H. xinjiangensis (Zhang et al., 2007) .
Biological soil crusts (BSCs) significantly affect terrestrial ecosystems by enhancing soil stability and fertility, and influencing soil chemistry, but the effect is dependent on the microbial components (Concostrina-Zubiri et al., 2013) . During the course of a study on the cultivable aerobic bacteria in BSCs sampled from Liangcheng (408 189 N 1128 59 240 E), near the city of Huhhot, north-western China, in August 2014, one bacterial strain (MIMtkLc17 T )was isolated and subjected to further taxonomic investigations. In this study, a polyphasic approach was applied, including phenotypic, phylogenetic, genomic and chemotaxonomic analyses. For reference, Hymenobacter soli PB17
T (Kim et al., 2008) and Hymenobacter antarcticus VUG-A42aa T (Klassen & Foght, 2011) were used for comparative testing under the same conditions. Strain MIMtkLc17 T was isolated by standard dilution-plating techniques on solid R2A medium. After sub-culturing several times to ensure cultures were pure, the isolates were maintained as glycerol suspensions (18 %, w/v) at 270 8C.
Genomic DNA was extracted and purified using a genomic DNA isolation kit (Tiangen Biotech). Amplification of the 16S rRNA gene and sequencing of PCR products were carried out according to the method of Du et al. (2006) . The resulting 16S rRNA gene sequence was compiled using SeqMan software (DNASTAR) (Swindell & Plasterer, 1997) . To identify the nearest taxa, a BLAST search of public databases was carried out and closely related sequences were retrieved for further phylogenetic analysis (Altschul et al., 1990) . The similarity of the sequence was analysed on the EzTaxon server (Chun et al., 2007) . Multiple alignments were performed with the MUSCLE program (Edgar, 2004) . Based on Kimura9s two-parameter model (Kimura & Takahata, 1983) , phylogenetic trees were reconstructed using neighbour-joining (NJ) and maximum-likelihood (ML) methods in MEGA software package version 5.0 (Tamura et al., 2011) .The topologies of the phylogenetic trees were evaluated by bootstrap analysis based on 1000 replications.
The almost-complete 16S rRNA gene sequence of strain MIMtkLc17 T (about 1415 nt) was most closely related to that of H. soli PB17 T (96.3 % 16S rRNA gene sequence similarity), and similarities to type strains of other species of the genus Hymenobacter ranged from 89.9 % to 95.7 %. In both NJ and ML phylogenetic trees, strain MIMtkLc17
T was located in a separated branch from other species of the genus Hymenobacter with a robust bootstrap support (76/67, NJ/ML) ( Fig. 1 and Fig. S1 , available in the online Supplementary Material).
The Gram reaction was performed using the non-staining method described previously (Buck, 1982) . Cell morphology was examined by using light microscopy (Eclipse Ti-E; Nikon). Cell motility was observed by the hangingdrop method (Skerman, 1967) . Catalase and oxidase activities were tested according to standard methods (Dong & Cai, 2001) . Enzyme activities, substrates that could be utilized as sole carbon sources and some physiological characteristics were tested using API 20NE, API 20E and API ZYM strips (bioMérieux) and Biolog GNIII plates according to the manufacturers' instructions. As no growth was observed in liquid R2A with or without shaking, all growth tests of strain MIMtkLc17
T were performed on R2A agar. The growth temperature range was determined at temperatures of 0, 2, 4, 10, 15, 20, 22, 24, 26, 28, 30, 32, 34, 36, 37, 40, 45, 50, 55 and 60 8C. The pH range for growth at 30 8C was determined at final pH 4.0-10.0 (at intervals of 0.2 pH unit) using acetate buffer (for pH 4-6) and Tris/HCl buffer (for pH 7-10). Salt tolerance was tested with 0-5 % (w/v) NaCl (at intervals of 0.5 % NaCl, w/v). Antibiotic sensitivity was determined by the disc diffusion method (Bauer et al., 1966 ). Anaerobic growth was tested using an anaerobic environment system (Bactron), according to the manufacturer's instructions.
Cells of strain MIMtkLc17
T were Gram-stain-negative, non-spore-forming, rod-shaped, non-motile, light pink, and oxidase-and catalase-positive. Strain MIMtkLc17
T was approximately 1.5-2.0 mm in width and 2.5-4.0 mm in length (Table 1) . Growth was observed at salinities from 0 to 1 %, and at pH 6-8. The optimum NaCl concentration and pH for growth were 0 % and pH 7.2, respectively. In contrast with other species, strain MIMtkLc17 T had a broader growth temperature ranging from 2 8C to 35 8C with optimum growth at 28 8C. T showed strongly positive activities of a-galactosidase, a-glucosidase, b-glucosidase and N-acetyl-b-glucosaminidase, which were distinguished from the negative or weak reactions of other species.
Cellular fatty acids were analysed according to the protocol described by Sasser (1990) , using the Sherlock Microbial Identification System version 6.1 (MIDI). The major fatty acids (.10 %) of strain MIMtkLc17
T were iso-C 15 : 0 (20.61 %), summed feature 3 (C 16 : 1 v7c/C 16 : 1 v6c; 19.16 %) and C 16 : 1 v5c (11.18 %) ( Table 2 ). The fatty acid profile, especially major fatty acids of strain MIMtkLc17 T , was similar to those of members of the genus Hymenobacter, but the amounts varied moderately. For instance, the amount of iso-C 15 : 0 in strain MIMtkLc17
T was lower than that of H. soli PB17 T while the amount of C 16 : 1 v5c was higher.
Quinones were extracted and separated into their different classes (e.g. menaquinones, ubiquinones) by TLC on silica gel, then further analysed by HPLC (Tindall et al., 2007) . The major respiratory quinone in strain MIMtkLc17 T was a menaquinone with seven isoprene units (MK-7), the same as in other species of the genus Hymenobacter. The draft genome sequence of strain MIMtkLc17
T was determined and analysed as described by Du et al. (2015) . Using the genomic DNA, we constructed a 300 bp DNA library for Illumina sequencing technology, and employed an Illumina HiSeq 2000 platform (Majorbio Bio-pharm Technology) for sequencing. The draft genome of strain MIMtkLc17
T comprises 203 contigs, with an N 50 value of 190 260 bp and an N 90 contig length 30 448 bp. The total length is 5.14 Mb, containing 5 415 protein-coding sequences (CDS). The DNA G+C content of strain MIMtkLc17
T was determined to be 57.8 mol% according to its draft genome sequence (GenBank accession no. LATM00000000), which is slightly different from the closest relatives.
Based on the above polyphasic approach for strain MIMtkLc17 T , a novel species of genus Hymenobacter, Hymenobacter terrenus sp. nov. is proposed, with strain MIMtkLc17 T as the type strain of this novel species.
Description of Hymenobacter terrenus sp. nov.
Hymenobacter terrenus (ter.re9nus. L. masc. adj. terrenus terrene, of the earth).
Cells are Gram-stain-negative, non-spore-forming, nonmotile, light pink, aerobic rods (about 1.5-2.0 mm wide and 2.5-4.0 mm long). Growth is observed on R2A agar but not in R2A liquid media. Colonies on R2A are globular, circular, smooth, light pink, transparent and slimy. Cells grow in the presence of 0 to 1 % (w/v) NaCl (optimum 0 %), at temperatures from 2 to 35 uC (optimum 28 uC), and at pH 6-8 (optimum pH 7.2). Catalase-and oxidasepositive. In API ZYM tests, positive for alkaline phosphatase, esterase (C4), esterase lipase (C8), lipase (C14), leucine aminopeptidase, valine aminopeptidase, aglucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, acid phosphatase, naphthol-AS-BI-phosphoamidase and a-galactosidase; weakly positive for cystine aminopeptidase, trypsin and b-glucosidase; and negative for a-chymotrypsin, b-galactosidase, b-glucuronidase, a-mannosidase and a-fucosidase. Can hydrolyse gelatin. Utilizes trehalose, raffinose, methyl b-D-glucoside, L-histidine, D-galacturonic acid, L-galactonic acid, D-gluconic acid and glucuronamide, and
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Hymenobacter soli The type strain is MIMtkLc17 T (5MCCC 1K00507 T 5KCTC 42636 T ), isolated from biological soil crusts in Liangcheng, Inner Mongolia, PR China. The G+C content of the chromosomal DNA of the type strain is 57.8 mol%. T from closely related species of the genus Hymenobacter
Strains: 1, MIMtkLc17 T (data from this study); 2, Hymenobacter soli PB17 T (this study); 3, Hymenobacter antarcticus VUG-A42aa T (this study); 4, Hymenobacter ruber PB156 T (Jin et al., 2014) ;5, Hymenobacter arizonensis OR362-8 T (Reddy & Garcia-Pichel, 2013) ; 6, Hymenobacter glaciei VUG-A130 T (Reddy & Garcia-Pichel, 2013) ;7, 'Hymenobacter terrae' DG7A (Srinivasan et al., 2015b) . +, Positive; 2, negative; W, weakly positive; ND, no data available. (0) pH range for growth 6-8 5.0-8. (Reddy & Garcia-Pichel, 2013 ); 6, Hymenobacter glaciei VUG-A130 T (Reddy & Garcia-Pichel, 2013) ; 7, 'Hymenobacter terrae' DG7A (Srinivasan et al., 2015b) . Culture conditions: strains 1, 2 and 3 were grown on R2A for 72 h at 28 8C; strains 4 and 6 were grown on R2A for 48 h at 20 8C; strain 5 was on 106BG11-PGY at 25 8C for 48 h; strain 7 was grown on R2A at for 7 days 20 8C. Fatty acids that represented ,1.0 % in all the strains are not shown. tr, Traces (,1.0 %); nd, not detected/not reported. *Summed features are groups of two or three fatty acids that cannot be separated by GC with the MIDI system. Summed feature 3 contains one or more of the fatty acids C 16 : 1 v7 c and C 16 : 1 v6 c ; summed feature 4 contains iso-C17 : 1 and/or anteiso-C17 : 1 B/I; summed feature 8 contains one or more of the fatty acids iso-C 17 : 1 v9 c and C16 : 0 10-methyl.
